Time-delays (dead time) are found in many processes in industrial practice. Time-delays are mainly caused by the time required to transport mass, energy and information. In many cases time-delay is caused by the effect produced by the accumulation of a large number of low-order systems. One of possibilities of control of such processes is their approximation by lower-order model with time-delay. The contribution is focused on the design of an algorithm for digital control of highorder process that is approximated by a second-order model with time-delay. The controller algorithms use the digital modification of the linear quadratic (LQ) Smith predictor (SP). The LQ criterion was combined with pole assignment principle. These algorithms were applied to the control of a set of equal liquid cylinder atmospheric tanks.
INTRODUCTION
Some technological processes in industry are characterized by high-order dynamic behaviour or large time constants and time-delays. For control engineering, such processes can often be approximated by the FOTD (first-order-time-delay) model. Timedelay in a process increases the difficulty of controlling it. However using the approximation of a high-order process by a lower-order model with time-delay provides simplification of the control algorithms. 
where ( ) G s is the transfer function without time-delay.
Processes with time-delay are difficult to control using standard feedback controllers. When a high performance of the control process is desired or the relative time-delay is very large, a predictive control strategy must be used. The predictive control strategy includes a model of the process in the structure of the controller. The first time-delay compensation algorithm was proposed by (Smith 1957) . This control algorithm known as the Smith predictor contained a dynamic model of the time-delay process and it can be considered as the first model predictive algorithm.
Historically first modifications of time-delay algorithms were proposed for continuous-time (analogue) controllers using various approaches. In industrial practice, the implementation of the timedelay compensation algorithms on continuous technique is difficult. One of possible approaches to control of process with time-delay is digital Smith predictor based on polynomial theory. Polynomial methods are design techniques for complex systems (including multivariable), signals and processes encountered in control, communications and computing that are based on manipulations and equations with polynomials, polynomial matrices and similar objects. Systems are described by input-output relations in fractional form and processed using algebraic methodology and tools (Šebek and Hromčík 2007) . Controller design consists in solving polynomial (Diophantine) equations. This paper is oriented to design of a robust LQ control using polynomial theory. The Diophantine equations can be solved using the uncertain coefficient method -which is based on comparing coefficients of the same power. This is transformed into a system of linear algebraic equations (Kučera 1993). The digital pole assignment Smith predictor was designed using a polynomial approach in (Bobál et al. 2011) . The design of this controller was extended by a method for a choice of a suitable pole assignment of the characteristic polynomial. Because the classical analogue Smith predictor is not suitable for control of unstable and integrating time-delay processes, the polynomial digital LQ Smith predictor for control of unstable and integrating time-delay processes has been designed in (Bobál et al. 2014 Fig. 1 . process y and redicted error e the error and erence signal. n be designed digital PID al approach). gram ( Fig. 1) time-delay is umulation of a ider a set of n a single tank y-Rico 2007) his system, the 1; that is, the f all the tanks the individual oint, then the tank h i can be (2) on the tank er tank g. 3. Thus, the w in tank i and (2) ( ) (10) and (11) are introduced in (Bobál et al. 2013a,b) . Consider that model (1) is the deterministic part of the stochastic process described by the ARX (regression) model 
and is used for computation of the predicted output
The quality of identification can be considered according to error, i.e. the deviation
Continuous-time system (8) was identified by discrete model (1) using off-line LSM (11) 
for an approximation of model (8). 
Identification procedures
was also used for the off-line process identification. This function finds minimum of an unconstrained multivariable function using derivative-free method. Algorithm "fminsearch" uses the simplex search method of (Lagaris et al. 1998 ). This is a direct search method that does not use numerical or analytic gradients.
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Minimization of LQ Criterion Using Δu(k)
In the second case the linear quadratic control methods try to minimize the quadratic criterion which uses penalization of the incremental value of controller output
Equation (27) for computation of the spectral factorization changes into
It is obvious that the characteristic polynomial in (34) is the three-degree polynomial ( )
Spectral factorization of (34) gives three optimal poles. However for the 2DOF controller design it is possible to propose other three user-defined real poles of the polynomial 
The expressions for computation of individual parameters of polynomial (36) are derived in (Bobál et al. 2015) . Then the 2DOF controller design consists of determination of polynomial parameters (36) using command (29) from the Polynomial Toolbox and solution of the Diophantine equation for computation of feedback controller parameters 
The primary 2DOF controller output is given by ( ) 
SIMULATION VERIFICATION AND RESULTS
A simulation verification of the designed control algorithms was performed in MATLAB/SIMULINK environment. The robustness of individual control loops was experimentally investigated by a change of the static gain K of the nominal process model. From the point of view of the robust theory it is possible to consider these experiments as the gain margin determination by the parametric uncertainty influence. The experimental process model (8) was used for simulation experiments. The individual simulation experiments are realized subsequently: the static gain K g = 3.08 was increased as far as the control closed-loop was in the stability boundary. The experiments are not realized when the static K g = 3.08 was decreased.
Control Using Primary Controller (31)
Because the subject of this paper is oriented to design of the polynomial robust control, the following simulation experiments have been realized. The discrete transfer function (21) 
Control Using Primary Controller (42)
The discrete model (43) 
CONCLUSION
Digital LQ Smith predictor algorithms for control of the high-order processes was designed. The high-order process, a set of equal liquid cylinder atmospheric tanks, was identified by the second-order model with five time-delay steps. The off-line least squares method was used for the identification of the number time-delay steps. The White Noise Generator was used as an excitation input signal. Two controller algorithms are based on polynomial design using the linear quadratic control method. This method minimizes the quadratic criterion by penalizing the value of the controller output 
